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Abstract.
BACKGROUND: Inadequate hydration in the elderly is associated with increased morbidity and mortality. However, few
studies have addressed the knowledge of elderly individuals regarding hydration in health and disease. Gaps in health literacy
have been identified as a critical component in health maintenance, and promoting health literacy should improve outcomes
related to hydration associated illnesses in the elderly.
METHODS: We administered an anonymous survey to community-dwelling elderly (n = 170) to gauge their hydration
knowledge.
RESULTS: About 56% of respondents reported consuming >6 glasses of fluid/day, whereas 9% reported drinking ≤3 glasses.
About 60% of respondents overestimated the amount of fluid loss at which moderately severe dehydration symptoms occur,
and 60% did not know fever can cause dehydration. Roughly 1/3 were not aware that fluid overload occurs in heart failure
(35%) or kidney failure (32%). A majority of respondents were not aware that improper hydration or changes in hydration
status can result in confusion, seizures, or death.
CONCLUSIONS: Overall, our study demonstrated that there were significant deficiencies in hydration health literacy
among elderly. Appropriate education and attention to hydration may improve quality of life, reduce hospitalizations and the
economic burden related to hydration-associated morbidity and mortality.
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1. Introduction

A number of common hydration-related medical
conditions in the geriatric population are associated
with either excess total body fluid (overhydration), or
reduced total body fluid (dehydration) [1–10]. Dehy-
dration occurs when there is excess fluid loss from
the body, either due to an illness, exposure to high
temperatures, exertion with inadequate fluid intake
or use of diuretic medications. This can result in
serious imbalance of sodium ranging from hypo to
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hypernatremia which if not treated promptly, could
result in significant morbidity and mortality [1, 4–6].
The symptoms of dehydration can range from sim-
ple dizziness and confusion to seizures and death.
Some of the physical signs of dehydration that have
demonstrated good specificity for detection include
dry axillae, sunken eyes, and a delayed capillary refill
time [2, 3].

In some individuals, the loss of as little as 2-3% of
body fluid can cause physical and cognitive impair-
ment [4]. The elderly population is at an increased risk
for dehydration for a number of reasons, including a
decrease in the thirst sensation, a decrease in renal
perfusion, an altered sensitivity to antidiuretic hor-
mone and neurocognitive deficits [1, 4–7] Notably,
Rowat et al. identified 4 independent risk factors for
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dehydration upon admission to a hospital: 1) older
age, 2) female gender, 3) total anterior circulation
syndrome, and 4) prescribed diuretics [8].

Clinically, dehydration is a major predictor of mor-
bidity and mortality in admitted patients [8, 9]. Rowat
et al. assessed dehydration in hospitalized stroke
patients and discovered that dehydrated patients were
significantly more likely than hydrated patients to
become dependent upon others at discharge or die
during hospitalization [8]. Dehydration following
a stroke also increases the risk of venous throm-
boembolism, and this is associated with poor health
outcomes [8].

In addition to thromboembolism, there are numer-
ous other consequences of dehydration among
the elderly population, including delirium, confu-
sion, infections, falls, and fractures [10–12]. Lastly,
Hodgkinson et al. found that semi-independent
patients in nursing homes who appear to be capable
of obtaining their own fluids, but who cannot do so
in practice, are most at risk for dehydration [13]. It is
estimated that cognitively impaired residents in nurs-
ing facilities are at the highest risk of dehydration and
more than one-third suffer from dehydration [14, 15].
In these cases, healthcare professionals do not present
these patients with fluids because they do not perceive
this group as being at risk for dehydration [15].

Dehydration also presents a tremendous economic
burden some of which is potentially preventable
[16]. A large retrospective study using the Health-
care Cost and Utilization Project (HCUP) project data
revealed that the average age for patients admitted
with the principal diagnosis of dehydration was 80.4
years. Approximately 64% of these were community
dwelling white women [17]. The average length of
stay (LOS) for dehydration in the HCUP data was 4.6
days and the total hospitalization charge per person
was $7,442 [17].

The elderly population is also at risk for overhydra-
tion. Overhydration, or fluid overload, is caused by a
number of conditions, including heart failure [18, 19],
kidney failure [20, 21], and protein deficiency [22].
Iatrogenic overhydration can also occur as a result
of receiving intravenous fluids [23], blood transfu-
sions [24], and steroids [25]. The consequences of
overhydration range from mild to life-threatening
and include congestive heart failure and pulmonary
edema, [26–28], confusion [29, 30], high blood pres-
sure, seizure, and even death [31, 32].

The electrolyte abnormalities in elderly surgical
patients and critically ill are often due to overhydra-
tion secondary to excess or inappropriate infusion of

intravenous fluids [32–34]. Hence, overhydration is
an independent risk factor for morbidity and mortality
in elderly people with heart failure, acute or chronic
renal failure or for those on dialysis [4, 5, 33, 34].

Despite numerous studies that describe why
the elderly population is at an increased risk for
hydration-related health issues compared to the
younger population, there is little information on how
much fluid elderly people consume or the health
literacy of this population about proper hydration
[13]. One of the few studies that investigated this,
Goodman et al., concluded from the National Cancer
Institute’s 2007 Food Attitudes and Behaviors Survey
that a significantly greater number of individuals 55
years of age or older drink fewer than 4 cups of water
per day compared to individuals between 18 and 34
years old (47% vs. 43%, p = 0.04) [35, 36]. This find-
ing supported those of Sebastian et al. who found
that while those 20–39 years of age reported drinking
4.7–5 cups of water/day, those 60+ years old reported
drinking only 3.1–3.5 cups/day [37, 38]. While these
data indicate that the elderly population consumes
less water than the younger population, more work
needs to be done to determine the specific amount
of fluid that the elderly consume and to understand
the elderly population’s general knowledge of hydra-
tion. In addition, there has been minimal research into
how well elderly individuals understand the signs and
symptoms of dehydration and overhydration.

Since the elderly are highly susceptible to prob-
lems associated with hydration, we conducted a
survey to understand how much fluid elderly individ-
uals consume on a daily basis and to determine their
knowledge about optimal hydration status, the signs
and symptoms of dehydration and overhydration, and
some of the common associated medical conditions.

2. Materials and methods

2.1. Design

This was a cross-sectional study based using
an anonymous survey and a convenience sample
methodology. The questionnaire was designed to
evaluate the health literacy of older adults in the geri-
atric age-group regarding the importance of hydration
in health and different common disease conditions
encountered in the elderly. The survey comprised of
5 demographic questions and 10 structured hydration
related questions which addressed types and quantity
of fluids consumed, the importance of hydration for
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Fig. 1. Hydration questionnaire utilized in the study. Demographic questions have not been included in this figure.

health and the problems associated with dehydration
or overhydration (Fig. 1). The study was approved
by the Institutional Review Board at the University
of Arkansas for Medical Sciences (UAMS) (IRB pro-
tocol #202655).

2.2. Subjects

The survey was completed by 170 elderly,
community-dwelling individuals (over the age of 60)
who were patients at the Thomas and Lyon Longevity
Clinic at the UAMS Reynolds Institute on Aging.
A trained research technician administered the sur-
vey to participants. The participants either completed
the survey themselves or the research technician read

the questions and possible answers to them, and the
participant indicated the answers verbally.

2.3. Analysis

The survey results were analyzed with SAS soft-
ware (version 9.3, SAS Institute Inc.). Categorical
variables are presented as counts and percentages
that were calculated with the PROC FREQ SAS
procedure. Responses to questions were compared
by group with either the chi-square test or Fisher’s
exact test for contingency tables with cells having
expected frequencies of 5 or less. The chi-square and
Fisher’s exact tests were performed with the PROC
FREQ SAS procedure with the options “chisq” and
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“fisher.” The � cut-off for significance was accepted
as p < 0.05.

3. Results

3.1. Study participants

The demographic characteristics of the partici-
pants are detailed in Table 1. All of the survey
respondents were community-dwelling, and most
lived in the Central Arkansas area. The majority
of survey respondents (57%) were between 70 and
79 years old, 80% were White, Non-Hispanic, and
20% were African Americans. There were 52%
females. The majority were college graduates or
greater (57%), but 35% had less than a high school
education.

Table 1

Demographics (n = 170)

Percent

Age
60–69 20.4
70–79 57.4
80–89 20.4
90–99 1.9

Race
White, non-Hispanic 80.0
African American 20.0

Gender
Female 51.9
Male 48.1

Education
Less than high school 35.0
Some college 8.4
College graduate or more 56.6

3.2. Fluid intake

Our survey began by gauging how much and what
type of fluid the participants consumed each day
through recall of fluid intake on an average day. We
found that the majority of respondents (56%) drank
more than 6 glasses of fluid each day, with 15% drink-
ing 9 or more glasses (Fig. 2A). Over 35% reported
drinking at least 4 to 6 glasses each day, and only 9%
drank 3 glasses or fewer (Fig. 2A).

When asked about the kinds of fluids they drank,
90% reported drinking water, 66% drank coffee, and
47% drank tea (Fig. 2B). Only 22% reported drinking
soda (e.g., Coke or Pepsi) (Fig. 2B). With respect
to other kinds of fluids, about 12% of respondents
mentioned drinking milk, fruit or vegetable juice and
alcoholic beverages (e.g., beer or wine).

3.3. Importance of hydration

We next determined how much each participant
knew about the importance of fluid intake for the
function of the body. The majority of respondents
(79%) were aware that adequate fluid intake was
important for eliminating waste from the body, and at
least 60% of respondents had significant knowledge
about hydration to identify that cooling of the body,
metabolism, and maintaining good circulation were
related to adequate fluid intake (p < 0.05, Fig. 3A).

While the majority of respondents appeared to
understand the physiologic functions of fluid intake,
only 34% correctly identified the amount of fluid
loss (3-4% of body fluid) required for the signs and
symptoms of dehydration to develop (Fig. 3B). The
majority of respondents (60%) reported that the signs

Fig. 2. Self-reported A) amounts and B) types of fluids the survey respondents consumed per day. Most respondents consumed 4–9 glasses
of fluid per day, and the most popular drinks were water and coffee. “Other” drinks included milk, fruit and vegetable juices, and alcoholic
beverages (e.g. beer or wine).
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Fig. 3. Survey respondents were asked about A) The importance of adequate fluid intake for bodily function. About 60–80% displayed
sufficient hydration literacy regarding specific body functions requiring adequate fluid intake. B) Only 34% of respondents were able to
correctly answer at what percentage of fluid loss dehydration signs and symptoms would begin to appear. ∗P-value < 0.05.

Fig. 4. The survey included questions asking about A) Conditions that cause excess fluid loss and B) Conditions that cause excess fluid
retention. Only ∼60% percent of respondents were able to correctly identify conditions associated with excess fluid loss (diarrhea and
vomiting) and excess fluid retention (heart failure and kidney failure). ∗P-value<0.05.

and symptoms of dehydration begin after the loss of
10% or higher of body fluid. This represented a signif-
icant knowledge deficit in the elderly regarding how
critically important fluids are for the body (p < 0.05,
Fig. 3B).

3.4. Conditions that cause dehydration or
overhydration

The participants were also surveyed about their
knowledge of medical conditions that can cause dehy-
dration or overhydration. A significant percentage
of respondents were aware that diarrhea (68%) or

vomiting (59%) caused dehydration (p < 0.05,
Fig. 4A). However, a significant gap in hydration
health literacy was observed in 60% of the respon-
dents when they failed to associate fevers or kidney
failure with fluid loss (p < 0.05, Fig. 4A). Only about
55% of the respondents were aware that diuretics
and excessive perspiration can cause dehydration
(Fig. 4A).

Health literacy regarding overhydration was also
limited but a significant percentage of respondents
seemed to be aware that heart failure (65%) and kid-
ney failure (68%) were conditions where excess fluid
accumulated in the body (p < 0.05, Fig. 4B). How-
ever, there were serious knowledge gaps regarding
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Fig. 5. Survey respondents were asked about how reduced or increased fluid intake would affect sodium levels in the blood. A small majority
of the subjects believed that there was increase in sodium level with reduced fluid intake, while a minority of the subjects believed that
sodium level increased with increased fluid intake. Yes vs No; ∗P-value<0.05.

certain conditions and fewer than one-third of respon-
dents knew that liver failure (30%), receiving excess
intravenous fluids or a blood transfusion (29%),
receiving steroids (28%) or protein deficiency (23%),
could result in problems with overhydration (p < 0.05,
Fig. 4B).

3.5. Effects of dehydration and overhydration

We were also interested in learning how much the
respondents knew about the effect of dehydration
and overhydration on the concentration of sodium in
the blood. Approximately two-thirds of respondents
answered that reduced fluid intake could increase
sodium and excess fluid intake could reduce sodium.
However, just over 60% of the respondents believed
that an increased fluid intake would reduce potassium
concentrations, and nearly 20% believed that reduced
fluid intake, or dehydration, would actually reduce the
sodium levels in the blood (p < 0.05, Fig. 5).

3.6. Symptoms of dehydration and overhydration

Lastly, there were significant deficits in the health
literacy of respondents about medical complications
associated with dehydration and overhydration. The
most common association with that the respondents
made with dehydration was the symptom of dizziness
(70%, p < 0.05, Fig. 6A). However, a high percentage
of respondents were not aware that low blood pressure
(54%), fainting (54%), increased heart rate (58%),
excessive sleepiness (70%), seizures (78%) and even
death (72%) could be a consequence of dehydration
(p < 0.05, Fig. 6A).

With respect to overhydration, the majority of par-
ticipants knew that swelling of the ankles (84%)
was a sign of overhydration (p < 0.05, Fig. 6B).
However, there was a significant knowledge deficit
knew regarding seizures (80%), confusion (65%),
and death (71%) as complication of overhydration
(p < 0.05, Fig. 6B). Common consequences of fluid
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Fig. 6. Signs and symptoms of A) reduced body fluid and B) excess body fluid were addressed by the survey. A significant number of
respondents were hydration literate for one symptom each in regards to reduced and excess body fluid. For the other signs and symptoms,
there was a knowledge deficit, for which certain symptoms was significant. ∗P-value<0.05.

overload in the elderly such as shortness of breath
and high blood pressure were also only recognized
by about 50% of the respondents.

4. Discussion

Here, we report the results of a survey conducted
to help identify health literacy needs of the elderly
regarding the importance of hydration, especially
with respect to various health conditions. Our results
uncover significant gaps in hydration health literacy
in the elderly in spite of the fact that the majority of
our survey respondents reported that they consumed
an adequate amount of fluid on a daily basis and
acknowledged that proper hydration was important
for eliminating waste. However, knowledge regard-
ing temperature control, metabolism and circulation
was less optimal and was reflected in answers to
questions addressing signs and symptoms in addition
to medical complications associated with inadequate
hydration.

Interestingly, our findings on the amount of fluid
consumed mirror the results of a study by Lindeman
et al. which reported that 71% of community-
dwelling elderly adults (mean age 74.1 years old)
drank at least 6 glasses of water per day [39]. Other
studies reported the likelihood of drinking fewer
than 4 cups of water per day to be significantly
higher among people over 55 years of age as opposed
to young adults (47% vs. 43%, p = 0.04) [35, 36].

Specifically, the 2005-2008 NHANES study reported
that adults over age 60 consumed just over 3 cups of
water per day (3.1–3.5 cups/day), more than a cup less
than those 20–39 years of age (4.7–5.0 cups/day) [37,
38]. However, these discrepancies could have been
the result of recall bias, especially in patients with
dementia, unless they or their caregivers had been
instructed to document fluid intake [14].

How much fluid should elderly people actually
drink each day? The standard recommendation is to
drink 8 glasses of fluid per day [40], but there is some
disagreement. Both Lindeman et al. and Negoianu
et al. suggest that elderly people who drink 8 glasses
of water per day may actually be overhydrated [39,
41]. Caution does need to be exercised in the elderly
because many older people have reduced renal and/or
cardiac function and a one-size-fit-all approach of
8 glasses might cause fluid-overload and exacerbate
heart failure. In fact, heart failure patients are often
fluid restricted to 1–1.5 liters of fluid per day in addi-
tion to being on diuretics [42, 43]. European Food and
Safety Agency (EFSA) has set guidelines for ade-
quate intake of water for healthy men and women
at 2.5 L/d and 2.1 L/day respectively [44]. A recent
study of total fluid intake of adults collected 7–day
fluid records from adults in 13 different countries
and showed wide geographical variation in the total
amount of fluid consumed with only 40% of men and
60% of women complying with the EFSA guidelines
[44]. This study, although large, was limited by the
percentage of people in the geriatric age-group and
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did not have any objective measurement of hydration
status.

It is important to remember that overhydration
occurs not only in common conditions of heart
and renal failure, it is also iatrogenic in the hos-
pital setting and is independently associated with
all cause morbidity and mortality, especially with
more than 7% of positive fluid balance [45, 46].
Hence, it will be useful to have accurate and portable
tools for measurement of hydration status, especially
for the medically complex geriatric population with
renal insufficiency and/or cardiac decompensation.
A number of instruments have been developed to
measure hydration status but the sensitivity and speci-
ficity of bioelectric impedance devices still requires
refinement [47].

Why is there so much emphasis on fluid intake?
Dehydration has been identified as an indepen-
dent “ambulatory care-sensitive condition” or ACSC
by the Agency for Healthcare Research and Qual-
ity (AHRQ) in the United Sates [17, 48]. In a
large healthcare utilization study of more than
79,000 elderly patients admitted with a principal
diagnosis of dehydration, about 50% had urinary
tract infections and approximately the same per-
centage were listed as having respiratory and/or
cardiac conditions [17]. A report from 2015 con-
cluded that $1.36 billion was spent to treat elderly
patients hospitalized for dehydration [16]. Hence,
one might conclude that with appropriate training
and education, early recognition and manage-
ment of urinary tract infections, pneumonias, and
heart failure might result in substantially reduced
costs for dehydration-related admissions to the
hospital.

There are a number of reasons why older
individuals have reduced fluid consumption. The
age-associated reduction of the thirst mechanism is
complex and is driven partially by changes in the
hypothalamic thirst sensors as well as the periph-
eral baroreceptors, both of which degenerate with age
to a variable extent in individuals [48–50]. Stachen-
feld suggested that the mechanism for diminished
thirst in the elderly was secondary to a significantly
reduced ability to sense a volume deficit although
their ability to respond to increased osmolality was
similar to that of younger adults [50]. This hypothe-
sis is supportive of the greater age-associated atrophy
of the carotid baroreceptors, which is also a cause
for orthostatic hypotension in the geriatric popu-
lation, especially with dehydration [50–52]. Apart
from diminished thirst, older individuals often con-

sume less fluids because of problems associated with
urinary incontinence, ambulation, manual dexterity
or cognition, which predisposes them to dehydration
often in poorly staffed nursing facilities [52–54].

We also explored questions related to sodium and
potassium balance relative to hydration because in
the out-patient setting laboratory results are discussed
with the patients and/or caregivers and instructions
are frequently provided regarding fluids, salt or potas-
sium intake. Reduced water intake or free water loss
is generally associated with hypernatremia, or in
mild cases with normal sodium concentration [7, 43].
However, in hypovolemic dehydration due to any rea-
son (diarrhea, vomiting, burns, diuretics), there can
be significant hyponatremia [43]. Overhydration can
also result in hyponatremia of varying degrees and is
frequently iatrogenic in elderly hospitalized patients
[7, 43]. Interestingly, the majority of our participants
believed that reduced fluid intake would have no
effect on sodium balance. This response was con-
cerning because it demonstrated that the elderly par-
ticipants were not aware of the effect fluid intake can
have on sodium balance, and the critical importance
of sodium and water regulation in health and disease.

A key pituitary hormone involved in the regulation
of hydration is vasopressin or anti-diuretic hormone
(ADH), which is normally released in response to
dehydration to signal water conservation by the
nephrons [54]. Abnormal release of vasopressin
occurs in the body by malignant tumors, in response
to cancer medications, opiates, pulmonary infections,
brain inflammation/ischemia or for idiopathic rea-
sons, in what is termed the syndrome of inappropriate
antidiuretic hormone secretion (SIADH) [54]. Man-
agement of hyponatremia is complex and can range
from simple water restriction and loop diuretics to
hypertonic saline or newer drugs such as the vaso-
pressin receptor antagonists [55]. There are a few
recent studies that suggest that high levels of vaso-
pression in the blood might be associated with insulin
resistance, increased hepatic steatosis and with an
increased risk for development of type 2 diabetes mel-
litus [56–58]. Although more conclusive evidence is
required, it will certainly be a very cost effective
strategy to prudently encourage water consumption
in order to reduce insulin resistance. A study by
Godfrey et al. recommends that caregivers take a
personalized approach to hydration care, making the
act of drinking fluids a pleasurable experience by
increasing the aesthetic appearance of a beverage or
promoting social interactions [59]. This could be a
promising tactic to help older people drink more fluid,
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and this subject will certainly benefit from further
study.

4.1. Gaps in health literacy

Our data indicate that older adults are not fully
aware of medical conditions that cause dehydration
or overhydration. For example, only about one-third
of respondents knew that the loss of 3 to 4% of body
fluid can lead to dehydration, and few realized that
even a simple fever in an older person could cause a
serious deficit in hydration level. It appears that older
adults are under the impression that they must lose
a large amount of fluid to become dehydrated, and
they might not recognize that their specific medical
conditions or medications could place them at a much
higher risk for hydration-related issues. Furthermore,
few respondents were familiar with the potentially
serious or life-threatening consequences of dehydra-
tion. Less than one-third knew that seizures, or even
death, can occur as a result of dehydration. Thus,
these individuals may not adequately increase their
fluid intake to cope with conditions that cause dehy-
dration (e.g., vomiting or fever). It is also possible that
caretakers or family members lack sufficient knowl-
edge about the importance of hydration for the elderly
and they may not urge the individual to drink more
fluids or seek medical attention.

With respect to overhydration, few respondents
understood its significance or recognized the signs
and symptoms associated with it. Less than one-third
were aware of the hazards of receiving intravenous
fluids, blood transfusions, or steroids at an older age.
Likewise, very few of the respondents knew that
seizures, confusion, and death were potential compli-
cations of overhydration. Our data indicate that we
must not only augment our efforts to educate older
adults and their caretakers about dehydration, but we
must do the same for overhydration.

Healthcare providers also need to work towards
enhancing the knowledge base and health literacy
of older adults regarding the close relationship of
electrolytes and water. Although we do not expect
non-medical personnel to acquire expertise in this
complex area, the critical role of water in regulat-
ing sodium and its effect of morbidity and mortality
needs to be emphasized. This might give individuals
who view water consumption as relatively unim-
portant a new appreciation of the power of water
and hydration for health. Studies have demonstrated
the positive effect of education on improving the

hydration status in children but such interventions
have not been tried in the elderly [60].

4.2. Limitations of study

Our study participants were largely educated,
white, community-dwelling residents of Central
Arkansas and hence our results cannot be extrapo-
lated to the general population with greater ethnic
diversity and/or lower socio-economic and educa-
tional status. We did not evaluate the cognition of
participants or record fluid intake. Another issue is
that people may not fully disclose their intake of cer-
tain fluids such as alcoholic beverages, or might not
consider drinks such as fruit or vegetable juices as
reportable sources of fluid intake. Additionally, we
did not address the controversies regarding hydration
in palliative care, or hospice patients. Most studies
suggest that active attempts to hydrate terminally ill
patients, especially intravenously, should be avoided
because such efforts are futile and might actually
cause more discomfort and medical complications
[14, 61]. However, this is an evolving area in medicine
that requires considerable education of patients and
caregivers, as well as providers [62, 63].

4.3. Future directions

Dehydration and overhydration are significant
health issues for the elderly population. This study
provided basic information about fluid intake of
elderly individuals residing in the southern part of
the United States and revealed that there are signifi-
cant gaps in this population’s knowledge about proper
hydration. We should spearhead public awareness
campaigns aimed at improving the health literacy
of this vulnerable population about hydration and
also advocate for the implementation of programs
that educate and train healthcare workers (e.g., care-
takers or nursing home personnel) on this subject.
Future studies should have objective records of hydra-
tion levels and correlate these with the participants’
health, medical problems, physical performance and
quality of life.
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[44] Ferreira-Pêgo C, Guelinckx I, Moreno LA, Kavouras SA,
Gandy J, Martinez H, Bardosono S, Abdollahi M, Nasseri
E, Jarosz A, Babio N. Total fluid intake and its determi-
nants: Cross-sectional surveys among adults in 13 countries
worldwide. European Journal of Nutrition. 2015;54(2):
35-43.

[45] Tsai YC, Chiu YW, Tsai JC, Kuo HT, Hung CC, Hwang
SJ, Chen TH, Kuo MC, Chen HC. Association of fluid over-
load with cardiovascular morbidity and all-cause mortality
in stages 4 and 5 CKD. Clinical Journal of the American
Society of Nephrology. 2015;10(1):39-46.

[46] Malbrain ML, Marik PE, Witters I, Cordemans C, Kirk-
patrick AW, Roberts DJ, Van Regenmortel N. Fluid overload,
de-resuscitation, and outcomes in critically ill or injured
patients: A systematic review with suggestions for clinical
practice. Anaesthesiol Intensive Ther. 2014;46(5):361-80.

[47] Sakaguchi T, Yasumura K, Nishida H, Inoue H, Furukawa
T, Shinouchi K, Miura H, Miyazaki K, Hamano G, Koide
M, Abe H. Quantitative assessment of fluid accumula-
tion using bioelectrical impedance analysis in patients with
acute decompensated heart failure. Circulation Journal.
2015;79(12):2616-22.

[48] Chen LW, Zhang W, Sun J, Mueller KJ. The magnitude,
variation, and determinants of rural hospital resource utiliza-
tion associated with hospitalizations due to ambulatory care

sensitive conditions. Journal of Public Health Management
and Practice. 2009;15(3):216-22.

[49] Kenney WL, Chiu P. Influence of age on thirst and fluid
intake. Medicine and Science in Sports and Exercise.
2001;33(9):1524-32.

[50] Stachenfeld NS, DiPietro LO, Nadel ER, Mack GW. Mech-
anism of attenuated thirst in aging: Role of central volume
receptors. American Journal of Physiology-Regulatory, Inte-
grative and Comparative Physiology. 1997;272(1):R148-57.

[51] Shibao C, Grijalva CG, Raj SR, Biaggioni I, Griffin
MR. Orthostatic hypotension-related hospitalizations in
the United States. The American Journal of Medicine.
2007;120(11):975-80.

[52] Briasoulis A, Silver A, Yano Y, Bakris GL. Orthostatic
hypotension associated with baroreceptor dysfunction: Treat-
ment approaches. The Journal of Clinical Hypertension.
2014;16(2):141-8.

[53] Marshall KA, Burson R, Gall K, Saunders MM. Hospital
admissions for malnutrition and dehydration in patients with
dementia. Home Healthcare Now. 2016;34(1):32-7.

[54] Koch CA, Fulop T. Clinical aspects of changes in water and
sodium homeostasis in the elderly. Reviews in Endocrine and
Metabolic Disorders. 2017;18(1):49-66.

[55] Zhang X, Zhao M, Du W, Zu D, Sun Y, Xiang R, Yang J.
Efficacy and safety of vasopressin receptor antagonists for
euvolemic or hypervolemic hyponatremia: A meta-analysis.
Medicine. 2016;95(15).

[56] Taveau C, Chollet C, Waeckel L, Desposito D, Bichet DG,
Arthus MF, Magnan C, Philippe E, Paradis V, Foufelle F,
Hainault I. Vasopressin and hydration play a major role in
the development of glucose intolerance and hepatic steatosis
in obese rats. Diabetologia. 2015;58(5):1081-90.

[57] Roussel R, El Boustany R, Bouby N, Potier L, Fumeron F,
Mohammedi K, Balkau B, Tichet J, Bankir L, Marre M, Velho
G. Plasma copeptin, AVP gene variants, and incidence of type
2 diabetes in a cohort from the community. The Journal of
Clinical Endocrinology & Metabolism. 2016;101(6):2432-9.

[58] Carroll HA, Davis MG, Papadaki A. Higher plain water
intake is associated with lower type 2 diabetes risk:
A cross-sectional study in humans. Nutrition Research.
2015;35(10):865-72.

[59] Godfrey H, Cloete J, Dymond E, Long A. An exploration
of the hydration care of older people: A qualitative study.
International Journal of Nursing Studies. 2012;49(10):1200-
11.

[60] Kavouras SA, Arnaoutis G, Makrillos M, Garagouni C,
Nikolaou E, Chira O, Ellinikaki E, Sidossis LS. Edu-
cational intervention on water intake improves hydration
status and enhances exercise performance in athletic youth.
Scandinavian Journal of Medicine & Science in Sports.
2012;22(5):684-9.

[61] Cohen MZ, Torres-Vigil I, Burbach BE, De La Rosa A,
Bruera E. The meaning of parenteral hydration to fam-
ily caregivers and patients with advanced cancer receiving
hospice care. Journal of Pain and Symptom Management.
2012;43(5):855-65.

[62] Dalal S, Del Fabbro E, Bruera E. Is there a role for hydration
at the end of life? Curr Opin Palliat Care. 2009;3(1):72-8.

[63] Mercadante S, Ferrera P, Girelli D, Casuccio A. Patients’ and
relatives’ perceptions about intravenous and subcutaneous
hydration. J Pain Symptom Manage. 2005;30(4):354-8.


